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Abstract 
Diabetic Retinopathy (DR) is a health problem that stemmed from diabetes for a long time. When symptoms are severe, the 
patient be blinded. The screening by an ophthalmologist is the only way to prevent this problem. This work aim to develop 
software prototype of computer-assisted for screening and identifying severity of DR for mHealth system in Thailand. Image 
processing techniques with mathematical morphology are used to process color fundus images and detect 5 factors before fed 
into ANN(back propagation) for preliminary screening and identifying. Result from testing found that the purposed software 
prototype can process with accuracy of 98.89%, sensitivity of 99.25%, specificity of 97.77% and positive predictive values at 
99.26% when compare with ophthalmologist. Thus, confirmed it can work as second opinion of ophthalmologist. In future, can 
transform to run on android or other smartphone’s operating system, it will facilitate the development of mHealth system in 
Thailand. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of iEECON2016. 
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1. Introduction 
Diabetic Retinopathy (DR) is one important complication for patient with diabetes, which can cause permanent 
blindness. In worldwide, found diabetics 371 million people and about 280 millions are in risk group. Predicted that, 
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in year 2030 will increasing to 500 million [1]. For Thailand, in year 2012 found 7749 people whom deaths from 
diabetes on daily average of 22 cases. Screening of patient with diabetes over five years be able to reduce blindness 
from DR up to 50% [2]. 
Currently, convenient method of screening with fundus camera can screening more patient. But, the number of 
fundus camera is limited combine with number of ophthalmologist or specialist who can read and diagnostic from 
fundus images are imbalance with number of patient who need to be screened. Thus, screening and diagnosis process 
are delayed [3]. Hence, developing software that would be a virtual assistant of ophthalmologist in screening and 
preliminary diagnosis disease while general staff can use it in their daily work is the way to solve this problem.  
The widespread use of mobile phones cause rapid growth of technologies and innovative for convenience in daily 
life. One of them is the innovation to maintain and promote health via a mobile phone or well known in name of 
mHealth, that the World Health Organization pay tremendous attention [4]. There are many researchers trying to 
take advantages of smartphone was create innovation for health, for example, health data collection systems on 
smartphones was presented in [5], remote heart monitoring mobile phones in [6]. The prototype system using mobile 
phones with built-in camera connected to wireless network and the intelligent algorithms for image analysis to 
estimate the calories intake presented in [7]. In Thailand, there are over 94.3 million total mobile device used and 
44.6 million mobile internet user while population are 67.9 million (Office of The National Broadcasting and 
Telecommunications Commission, 2015). Additionally, approximately 30% are smart phone users. Vibhavadi 
Hospital, famous hospital in Thailand, trial use confirmation of patient appointment system “mHealth+3”(Vensa 
Health) from New Zealand [8]. Which expected to reduce error in the dating of more than 50 percent per year and 
maintain revenue for hospital to millions baht. This work, we proposed software prototype of automatically 
screening and identifying severity of DR from color fundus images by image processing techniques and Artificial 
Neural Network (ANN; Back Propagation). Beside this, expected that proposed software being transform to run on 
an android operating system for use with mHealth systems in the future. 
2. Material and Methodology 
2.1 Overall Block Diagram: Overall block diagram of proposed system as software prototype of computer-assisted 
for screening and identifying severity of DR for mHealth system from color fundus image are followed this steps: 
First, pre-processing before entering to the feature extraction with 4 sub-procedures such Blood vessels detection, 
Exudate detection, Microaneurysms detection and texture identification (Entropy and Homogeneity). The results of 
each step are fed into ANN to compare with the normalized feature’s values and identify severity of disease to 
normal, mind, moderate and severe stags.  
 
Fig.1. Block diagram for proposed software 
2.2 Image Acquisition: This work, we use 600 color fundus images, divide into two sets, 420 images for training a 
machine learning program (MLP) and 180 images used for testing purposed software. All digital color fundus 
images are taken from fundus camera model KOWA nonmyd α-DIII at general hospital of 2 provinces in northeast 
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part of Thailand, and diagnosed from ophthalmologists to compare results with purposed software. All images are 
collected at 500x752 pixels in 24 bit with JPEG image format (.jpg) using the lowest compression ratio. 
2.3 Blood Vessels Detection:  Areas of regenerate capillaries within the retina is one of basis pathological that used 
to identify abnormalities caused by DR. Because of the complications of diabetes, when body has elevated blood 
sugar rise for a long time. It can cause the disorder of microvascular occlusion, causes a lack of blood and oxygen to 
the retina and encourages creation of new blood vessels in the retina abnormally. In this work, initial conducted with 
pre-processing by converting color fundus images, adaptive distribution of light in images by adaptive histogram 
equalization. Finally, eliminating the circle surrounding fundus image to keep only the blood vessels in the retina as 







Fig.2. Result from detecting blood vessels area (L) Green component with contrast enhanced image (C) image 
after histogram equalization and (R) blood vessel area 
2.4 Microaneusysms detection: MA is part of the capillary fleshed out, seen as a small red spot about 15-60 microns 
due to vascular are weakness in the early stage of DR. Detection of MA is important in screening patients because 
more number of MA, more severity of DR. Our method to find out MA by using grayscale images for detec a ring 
around the image and create mask of optical disk. This way, we use green channel for procedure of edges detection 
with canny method. Then, eliminates border around image to achieve a small, encloses area at MA. The remaining 
space which is not associated with method will be removed by AND logic. After that, eliminate exudates out of the 
image. Finally, eliminate part of areas of blood vessels and optical disk to get image of the desired, MA. The overall 
process is shown in fig.3. 
 
Fig.3. Result from detecting microaneurysms. (L) original image. (R) MA region. 
2.5 Exudates detection : Leakage of fluid and protein from abnormal blood vessels in the retina or Exudate (Ex) be 
expressed in the manner of a point/brighter ambit white-yellow, in contrast to the retina with varies size and shape 
according to the severity of DR. This procedure used grayscale processing. First, starts from feature enhancements 
process and then apply techniques of image processing, mathematic morphology analysis to eliminate blood vessels 
and identify areas of exudates. 
 
Fig.4. Result from detecting exudate (L) original image. (R) exudate region 
2.6 Texture identification: Texture analysis is a techniques used for measures the intensity of the pixels in a 
grayscale image. In this work, use two texture properties such entropy and homogeneity as input data for ANN to 
identification stage of DR. Entropy indicated the distribution or confusion of things in grayscale image. It start to 
measured after applying adaptive histogram equalization to green channel of fundus image. While homogeneity is 
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measured by applying gray-level co-occurrence matrix to grayscale image. An example of proposed software 
prototype screen, fig.6 and fig.7 display the result of fundus image has undergone disease both normal and abnormal. 
If the results were abnormal, software prototype will indicate the severity of disease in the lowest box at the bottom 
of the screen. 
                
       Fig.5. Screen result of normal data input. Fig.6. Screen result of abnormal data input. 
3. Conclusion 
After training and testing performance of software prototype compared with ophthalmologist’s diagnosis, found 
that this software prototype appropriate for used to screening patient in daily work, it use only 30 seconds for each 
diagnosed, while human used approximately at 135 seconds (150 cases per day). Additionally, ophthalmologists can 
use this software as an adjunct result tools for screening. This proposed software can use in mHealth system for DR 
screening and diagnosis. Further, mHealth methodologies could be utilized to promote public health and health care 
in Thailand. 
 Table 1. performance values of this software prototype 
TP TN FP FN Sensitivity Specificity Positive predictive values 
134 44 1 1 99.26% 97.77% 99.26% 
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